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DETAILED ACTION 

Claim Objections 

1 . Claims 1 and 24 are objected to because of the following informalities: The use 
of the term "preferred" leads to uncertainty regarding interpretation of claims 1 and 24. 
The term "preferred" should be deleted. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1 , 2, 6 - 1 1 , 24, 25, 29, 31 - 37 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Murai (US 6,705,708) in view of Takamatsu et al. (US 
6,624,458). 

With respect to claim 1 , Murai '708 teaches a piezoelectric element (Fig. 6: 40) 
comprising a first electrode film (Fig. 6: 33), a layered piezoelectric film (Fig. 6: 43; 
col. 8, lines 1-8) including a first thin piezoelectric film (Fig. 6: 43a) provided on the 
first electrode film and a second thin piezoelectric film (col. 8, lines 1-8) provided 
on the first thin piezoelectric film and a second electrode film (Fig. 6: 44) provided 
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on the layered piezoelectric film, wherein the layered piezoelectric film is made of 
rhombohedral (col. 7, lines 17-20) or tetragonal perovskite oxide (col. 5, lines 21-24) 
having preferred orientation along the 111 plane (col. 8, lines 43-47), the first and 
second thin piezoelectric films are aggregates of columnar grains (the first and 
second thin piezoelectric films are rhombohedral grains, which are columnar), 
respectively, which are continuously linked to each other (col. 8, lines 34-38, lines 
48-52), the columnar grains of the second thin piezoelectric film have a larger 
average cross-sectional diameter than the columnar grains of the first thin 
piezoelectric film (col. 8, lines 21-23) and the thickness of the layered piezoelectric 
film (col. 8, lines 8-9: disclosing layered piezoelectric film thickness of 1 .5 microns). 

However, Murai 708 does not teach the ratio of the thickness of the layered 
piezoelectric film to the average cross-sectional diameter of the columnar grains 
of the second thin piezoelectric film is 20 to 60 inclusive. 

Takamatsu et al. teaches a PZT crystal with columnar grain diameter of 20 - 50 
nm in the second layer (col .7, lines 29-31). 

It would have been obvious to one of ordinary skill in the art at the time that this 
invention was made to modify Murai '708 to use PZT crystals with columnar grain 
diameter of 20 - 50 nm, as taught by Takamatsu et al., such that the ratio of the 
thickness of the layered piezoelectric film to the average cross-sectional diameter of the 
columnar grains of the second thin piezoelectric film is 30 to 75 inclusive for the purpose 
reducing grain size in order to improve bonding between films. Therefore, the 
Takamatsu et al. ratio overlaps applicants' ratio. 
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With respect to c laim 2, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1 , teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the columnar grains of the first thin piezoelectric film (Fig. 6: 43a) 
have an average cross-sectional diameter of 40 nm to 70 nm inclusive (Takamatsu 
et al.: col. 7, lines 29-31 : disclosing PZT columnar grain diameter of 20 - 50 nm in 
second layer) and a length of 5 nm to 100 nm inclusive (Takamatsu et al.: col. 8, lines 
2-4: disclosing length of 100 nm or less). 

With respect to claim 6, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1, teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the layered piezoelectric film (Fig.6: 43; col. 8, lines 1-8) is made of 
lead zirconate titanate added with at least one of magnesium and manganese in 
an amount of more than 0 and not more than 10 mol% (col. 5, lines 22-26). 

With respect to claim 7, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1 , teaches the first electrode film (Murai 708: Fig.6: 
33) is made of noble metal of Pt, Ir, Pd or Ru or an alloy (col .6, line 42) containing 
the noble metal and is an aggregate of columnar grains having an average cross- 
sectional diameter of 20 nm to 30 nm inclusive (Takamatsu et al.: col. 7, lines 29-31 : 
disclosing PZT columnar grain diameter of 20 - 50 nm in second layer). 



Application/Control Number: 10/560,001 Page 5 

Art Unit: 4193 

With respect to claim 8, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1 , teaches an inkjet head (Murai 708: Fig.1 :1) 
comprising: a piezoelectric element (Fig. 6: 40) including a first electrode film 
(Fig. 6: 33), a layered piezoelectric film (Fig.6: 43; col. 8, lines 1-8) including a first 
thin piezoelectric film (Fig.6: 43a) and a second thin piezoelectric film (Fig.6: 43) 
and a second electrode film (Fig.6: 44) stacked in this order; a diaphragm layer 
(Fig.6: 30, 31, 32; col. 2, lines 1-2) disposed on the second electrode film side 
surface of the piezoelectric element (Fig.6: 32; col. 2, lines 8-11); and a pressure 
chamber member (Fig.6: 20) including a pressure chamber (Fig.6: 21 ) for 
containing ink which is bonded to the surface of the diaphragm layer opposite to 
the second electrode film, such that the ink in the pressure chamber is 
discharged out by displacing the diaphragm layer in the thickness direction by 
the piezoelectric effect of the layered piezoelectric film (col. 3, lines 1-4). 

With respect to claim 9, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1 , teaches an inkjet head (Murai 708: Fig.1 :1) 
comprising: a piezoelectric element (Fig.6: 40) including a first electrode film 
(Fig.6: 33), a layered piezoelectric film (Fig.6: 43; col. 8, lines 1-8) including a first 
thin piezoelectric film (Fig.6: 43a) and a second thin piezoelectric film (Fig.6: 43) 
and a second electrode film (Fig.6: 44) stacked in this order; a diaphragm layer 
(Fig.6: 30, 31, 32; col. 2, lines 1-2) disposed on the first electrode film side surface 
of the piezoelectric element (Fig.6: 31; col.2, lines 3-4); and a pressure chamber 
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member (Fig. 6: 20) including a pressure chamber (Fig. 6: 21) for containing ink 
which is bonded to the surface of the diaphragm layer opposite to the first 
electrode film, such that the ink in the pressure chamber is discharged out by 
displacing the diaphragm layer in the thickness direction by the piezoelectric 
effect of the layered piezoelectric film (col.3, lines 1-4). 

With respect to claim 10, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 8, teaches an inkjet recording device (Murai 708: 
Fig.1 ) comprising an inkjet head (Fig . 1 : 1 ) and a relative movement mechanism for 
relatively moving the inkjet head and a recording medium (Fig.1 : 1 , 4, 5, 6, 7), 
wherein recording is carried out by discharging the ink in the pressure chamber 
(Fig. 6: 21 ) from a nozzle hole (Fig.4: 1 1 ) communicating with the pressure 
chamber onto the recording medium while the inkjet head and the recording 
medium are relatively moved by the relative movement mechanism. 

With respect to claim 1 1 , the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 9, teaches an inkjet recording device (Murai 708: 
Fig.1) comprising an inkjet head (Fig.1: 1) and a relative movement mechanism for 
relatively moving the inkjet head and a recording medium (Fig.1 : 1 , 4, 5, 6, 7), 
wherein recording is carried out by discharging the ink in the pressure chamber 
(Fig. 6:21) from a nozzle hole (Fig.4: 11) communicating with the pressure chamber 
onto the recording medium while the inkjet head and the recording medium are 
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relatively moved by the relative movement mechanism. 

With respect to claim 24, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 1 , teaches a piezoelectric element (Murai 708: Fig. 6: 
40) further comprising an orientation control film disposed between the first 
electrode film (Fig. 6: 33) and the first thin piezoelectric film (Fig. 6: 43a), wherein 
the orientation control film is made of cubic or tetragonal perovskite oxide having 
preferred orientation along the 111 plane (col. 12, lines 30-35). 

With respect to claim 25, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches a piezoelectric element (Murai 708: Fig. 6: 
40) wherein the columnar grains of the first thin piezoelectric film (Fig. 6: 43a) have 
an average cross-sectional diameter of 40 nm to 70 nm inclusive (Takamatsu et al.: 
col. 7, lines 29-31 : disclosing PZT columnar grain diameter of 20-50 nm) and a length 
of 5 nm to 100 nm inclusive (col .8, lines 3-4: disclosing length of 100 nm or less). 

With respect to claim 29, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the orientation control film is made of oxide based on perovskite 
lead lanthanum zirconate titanate and the degree of 111 crystal orientation of the 
orientation control film is 50 % or more (col. 12, lines 30-35). 
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With respect to claim 31 , the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the orientation control film is made of lead lanthanum zirconate 
titanate added with at least one of magnesium and manganese in an amount of 
more than 0 and not more than 10 mol% (col. 5, lines 22-26). 

With respect to claim 32, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the layered piezoelectric film (Fig. 6: 43; col. 8, lines 1-8) is made of 
lead zirconate titanate added with at least one of magnesium and manganese in 
an amount of more than 0 and not more than 10 mol% (col. 5, lines 22-26). 

With respect to claim 33, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches a piezoelectric element (Murai 708: Fig. 6: 
40), wherein the first electrode film (Fig. 6: 33) is made of noble metal of Pt, Ir, Pd 
or Ru or an alloy containing the noble metal (col. 6, line 42) and is an aggregate of 
columnar grains having an average cross-sectional diameter of 20 nm to 30 nm 
inclusive (Takamatsu et al.: col. 7, lines 29-31 : disclosing PZT columnar grain diameter 
of 20 - 50 nm in second layer). 

With respect to claim 34, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches an inkjet head (Murai 708: Fig.1 : 1) 
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comprising: a piezoelectric element (Fig.6: 40) including a first electrode film 
(Fig. 6: 33), an orientation control film, a layered piezoelectric film (Fig.6: 43; col. 8, 
lines 1-8) including a first thin piezoelectric film (Fig.6: 43a) and a second thin 
piezoelectric film (Fig.6: 43) and a second electrode film (Fig.6: 44) stacked in this 
order; a diaphragm layer disposed on the second electrode film side surface of 
the piezoelectric element; and a pressure chamber member (Fig.6: 20) including a 
pressure chamber (Fig.6: 21 ) for containing ink which is bonded to the surface of 
the diaphragm layer opposite to the second electrode film, such that the ink in the 
pressure chamber is discharged out by displacing the diaphragm layer in the 
thickness direction by the piezoelectric effect of the layered piezoelectric film 
(col .3, lines 1-4). 

With respect to claim 35, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 24, teaches an inkjet head (Murai 708: Fig.1 : 1) 
comprising: a piezoelectric element (Fig.6: 40) including a first electrode film 
(Fig.6: 33), an orientation control film, a layered piezoelectric film (Fig.6: 43; col. 8, 
lines 1-8) including a first thin piezoelectric film (Fig.6: 43a) and a second thin 
piezoelectric film (Fig.6: 43) and a second electrode film (Fig.6: 44) stacked in this 
order; a diaphragm layer disposed on the first electrode film side surface of the 
piezoelectric element; and a pressure chamber member (Fig.6: 20) including a 
pressure chamber (Fig.6: 21) for containing ink which is bonded to the surface of 
the diaphragm layer opposite to the first electrode film, such that the ink in the 



Application/Control Number: 10/560,001 Page 10 

Art Unit: 4193 

pressure chamber is discharged out by displacing the diaphragm layer in the 
thickness direction by the piezoelectric effect of the layered piezoelectric film 

(col .3, lines 1-4). 

With respect to claim 36, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 34, teaches an inkjet recording device (Murai 708: 
Fig.1) comprising an inkjet head (Fig.1: 1) and a relative movement mechanism for 
relatively moving the inkjet head and a recording medium (Fig.1 : 1 , 4, 5, 6, 7), 
wherein recording is carried out by discharging the ink in the pressure chamber 
(Fig. 6: 21 ) from a nozzle hole (Fig.4: 1 1 ) communicating with the pressure 
chamber onto the recording medium while the inkjet head and the recording 
medium are relatively moved by the relative movement mechanism. 

With respect to claim 37, the combination of Murai 708 and Takamatsu et al. 
references, as applied to claim 35, teaches an inkjet recording device (Murai 708: 
Fig.1) comprising an inkjet head (Fig.1: 1) and a relative movement mechanism for 
relatively moving the inkjet head and a recording medium (Fig.1 : 1 , 4, 5, 6, 7), 
wherein recording is carried out by discharging the ink in the pressure chamber 
(Fig. 6: 21) from a nozzle hole (Fig.4: 11) communicating with the pressure 
chamber onto the recording medium while the inkjet head and the recording 
medium are relatively moved by the relative movement mechanism. 
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3. Claims 3 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Murai (US 6,705,708) in view of Takamatsu et al. (US 6,624,458), as applied to claim 1 
above, and further in view of Qiu et al. (US 6,402,304). 

With respect to claim 3, the combination of Murai '708 and Takamatsu et al. 
references, as applied to claim 1 , teaches a piezoelectric element (Murai '708: Fig. 6: 
40), wherein the columnar grains of the second thin piezoelectric film (Fig. 6: 43a, 
43) have an length of 2500 nm to 5000 nm inclusive (Murai '708: col. 8, lines 1-9). 

However, the combination of Murai and Takamatsu et al. references does not 
teach an average cross-sectional diameter of 60 nm to 200 nm. 

Qiu et al. teaches columnar grains with an average cross-sectional diameter 
of 60 nm to 200 nm inclusive (Abstract, lines 9-12: disclosing PZT columnar grain 
diameter range of 100 nm to 15,000 nm). 

It would have been obvious to one of ordinary skill in the art at the time that this 
invention was made to modify the combination of Murai and Takamatsu et al. 
references to provide columnar grains with an average cross-sectional diameter of 60 
nm to 200 nm inclusive, as taught by Qiu et al., in order to promote crystallization under 
certain conditions layers (Qiu et al.: Abstract, line 19). 

With respect to claim 26, the combination of Murai '708, Takamatsu et al., and 
Qiu et al. references teaches all the limitations of claim 26, as discussed in the 103 
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rejection of claim 3. Therefore claim 26 is rejected for the same reasons. 

4. Claims 4, 5, 27, 28, and 30 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Murai (US 6,705,708) in view of Takamatsu et al. (US 6,624,458), as 
applied to claim 1 above, and further in view of Murai (US 6,494,567) and Murai (US 
7,083,269). 

With respect to claim 4, the combination of Murai '708 and Takamatsu et al. 
references teaches all the limitations of claim 1 as discussed above. 

However, the combination of Murai 708 and Takamatsu et al. references does 
not teach a piezoelectric element (Murai 708: Fig. 6: 40) according to claim 1, 
wherein the first and second thin piezoelectric films (Fig. 6: 43a, 43) are made of 
oxide based on perovskite lead zirconate titanate, the degree of 111 crystal 
orientation of the first thin piezoelectric film is 50 % to 80 % inclusive (Murai, '567: 
Abstract: disclosing orientation of 100 face at 40 - 70%, 1 10 face at 10%, therefore 1 1 
face is at 50 - 70%) and the degree of 111 crystal orientation of the second thin 
piezoelectric film is 95 % to 100 % inclusive (Murai, '269: col. 2, lines 1-5: disclosing 
thin film orientation in the 1 1 1 plane of 90% or more). 

Murai '567 teaches a piezoelectric element (Murai 708: Fig. 6: 40) according 
to claim 1, wherein the first and second thin piezoelectric films (Murai 708: Fig. 6: 
43a, 43) are made of oxide based on perovskite lead zirconate titanate, the degree 
of 111 crystal orientation of the first thin piezoelectric film is 50 % to 80 % 
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inclusive (Murai, '567: Abstract: lines 5-9, disclosing orientation of 100 face at 40 - 
70%, 1 10 face at 10%, therefore 1 1 face is at 50 - 70%). Murai '269 teaches that the 
degree of 111 crystal orientation of the second thin piezoelectric film is 95 % to 
100 % inclusive (Murai, '269: col. 2, lines 1-5: disclosing thin film orientation in the 1 1 1 
plane of 90% or more). 

It would have been obvious to one of ordinary skill in the art at the time that this 
invention was made to modify the combination of Murai '708 and Takamatsu et al. 
references to provide that the first and second thin piezoelectric films are made of oxide 
based on perovskite lead zirconate titanate, the degree of 1 1 1 crystal orientation of the 
first thin piezoelectric film is 50 % to 70 % inclusive, as taught by Murai '567, and the 
degree of 1 1 1 crystal orientation of the second thin piezoelectric film is 95 % to 100 % 
inclusive, as taught by Murai '269, in order to achieve improved crystallinity (Murai '567: 
Abstract, lines 10-13). 

With respect to claim 5, the combination of Murai '708, Takamatsu et al., Murai 
'567, and Murai '269 references, as applied to claim 1, teaches a piezoelectric 
element (Fig. 6: 40) according to claim 1, wherein the chemical composition ratio 
of the layered piezoelectric film (Fig.6: 43; col. 8, lines 1-8) is represented as 

[Pb]:[Zr]:[Ti] = (I + a) : b : (1 - b), 
the first and second thin piezoelectric films (Fig.6: 43a, 43) have the same value b 
of 0.40 to 0.60 inclusive, the first thin piezoelectric film has a larger Pb content 
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than the second thin piezoelectric film (Takamatsu et al.: col. 14, lines 32-34), the 
first thin piezoelectric film (Murai, 708: Fig.6: 43a) has the value a of 0.05 to 0.15 
inclusive and the second thin piezoelectric film has the value a of 0 to 0.10 
inclusive (Murai '269: col.4, lines 58-63). 

With respect to claim 27, the combination of Murai 708, Takamatsu et al., Murai 
'567, and Murai '269 references, as applied to claim 24, teaches a piezoelectric 
element (Murai 708: Fig.6: 40), wherein the first and second thin piezoelectric 
films (Fig.6: 43a, 43) are made of oxide based on perovskite lead zirconate 
titanate, the degree of 111 crystal orientation of the first thin piezoelectric film is 
50 % to 80 % inclusive (Murai, '567: Abstract: disclosing orientation of 100 face at 40 - 
70%, 1 1 0 face at 1 0%, therefore 1 1 face is at 50 - 70%) and the degree of 1 1 1 crystal 
orientation of the second thin piezoelectric film is 95 % to 100 % inclusive (Murai, 
'269: col. 2, lines 1-5: disclosing thin film orientation in the 111 plane of 90% or more). 

With respect to claim 28, the combination of Murai 708, Takamatsu et al., Murai 
'567, and Murai '269 references, as applied to claim 24, teaches a piezoelectric 
element (Fig.6: 40), wherein the chemical composition ratio of the layered 
piezoelectric film (Fig.6: 43; col.8, lines 1-8) is represented as 

[Pb] : [Zr] : [Ti] = (1 + a) : b : (1 - b), 

the first and second thin piezoelectric films (Fig.6: 43a, 43) have the same 
value b of 0.40 to 0.60 inclusive, the first thin piezoelectric film has a larger Pb 
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content than the second thin piezoelectric film (Takamatsu et al.: col. 14, lines ), the 
first thin piezoelectric film has the value a of 0.05 to 0.15 inclusive and the second 
thin piezoelectric film has the value a of 0 to 0.10 inclusive (Murai '269: col.4, lines 
58-63). 

With respect to claim 30, the combination of Murai 708, Takamatsu et al., Murai 
'567, and Murai '269 references, as applied to claim 24, teaches a piezoelectric 
element (Murai 708: Fig. 6: 40), wherein the chemical composition ratio of the 
orientation control film is represented as 

[Pb] : [La] : [Zr] : [Ti] = x times (1-z) : z : y : (1 - y), 
the value x is 1.0 to 1.20 inclusive, the value y is 0 to 0.20 inclusive and the value 
z is more than 0 and not more than 0.30 (Murai '269: col.4, lines 58-63). 

Conclusion 

5. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Qiu et al. (US 6,455,106) discusses the process of achieving thin 
film crystallization. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ALEXANDER C. WITKOWSKI whose telephone number 
is (571 )270-3795. The examiner can normally be reached on Monday - Friday 8:00 AM 
to 5:00 PM EST. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Long Nguyen can be reached on 571-272-1753. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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